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IMAGE PICKUP APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image pickup 
apparatus with a, plurality of pixels for converting 
converged light into electric signals. 
Related Background Art 

A conventional solid-state image pickup device has 
photoelectric conversion elements such as photodiodes 
for converting received light into electric signals and 
microlenses for converging light on photoelectric 
conversion elements, as described in, for example, 
Japanese Patent Application Laid-open No. 05-040201. 

A microlens is provided for preventing the 
sensitivity of a photodiode from being lowered by the 
amount of light reduced because of a smaller size of a 
recent ultra fine pixel. 

Fig. 1A is a plan view of a conventional solid- 
state image pickup device. Fig. IB is a cross 
sectional view of each pixel of the solid-state image 
pickup device shown in Fig. 1A. In Figs. 1A and IB, 
reference numeral 1 represents a pixel having a 
photodiode 5 formed in the surface layer of a silicon 
substrate (Si substrate) 7. Reference numeral 2 
represents a light shielding layer for shielding the 
area of the pixel 2 excepting the photodiode 5. 
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Reference numeral 3 represents an opening area through 
which light is incident upon the photodiode 5. 
Reference numeral 4 represents a microlens for 
converging light on the photodiode 5. Reference 
5 numeral 6 represents a color filter layer of red, 
green, blue or the like. 

As shown in Fig. 1A, the conventional solid-state 
image pickup device has a plurality of pixels disposed 

tars— 

S in a predetermined pattern. As shown in Fig. IB, 

8j 10 opening areas 3 and microlenses 4 are formed at the 

t; ■ 

Iff same pitch as that of light reception areas of the 

w 

Q photodiodes 5 of pixels 1. The optical axis of light 

g converged by the microlens 4 is coincident with the 

pi center of gravity of the opening area 3. Light passed 

15 through the microlens 4 is therefore converged on 

generally the center of the light reception area of the 
photodiode 5. 

Since the position of the microlens 4 is set to 
the position corresponding to that of the photodiode 5 
20 of each pixel 1, it is possible to prevent the 

sensitivity of the photodiode 5 from being lowered by 
the opening area 3 reduced by a smaller size of a ultra 
fine pixel 1, because light is converged by the 
microlens 4. 

25 With the conventional techniques, however, a 

portion of light converged by the microlens may not 
reach the photodiode, depending upon the position of a 
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pixel of the solid-state image pickup device, A 
variation of light reception sensitivities of solid- 
state image pickup devices may occur in some cases. 
Figs. 2A and 2B are diagrams illustrating the 
5 reason of such a variation. In Figs. 2A and 2B, 

reference numeral 10 represents an object to be taken 
with a solid-state image pickup device, and reference 
numeral 11 represents an image pickup lens for 
s0 focussing light from the object 10 upon the solid-state 

jffi 10 image pickup device. In Figs. 2A and 2B, like elements 

[fl to those shown in Figs. 1A and IB are represented by 

using identical reference numerals. 
U In Figs. 2A and 2B, (ii) represents a pixel 

71 disposed near to the center of the solid-state image 

2 15 pickup device, and (i) and (iii) represent pixels 

- disposed in the peripheral area of the solid-state 

image pickup device. 

As shown in Fig. 2A, light from the object 10 
passes through the image pickup lens 11 and is focussed 
20 upon the solid-state image pickup device. Light from 
the object 10 applied to the pixel (ii) in Fig. 2B 
passes through the microlens 4 and becomes incident 
upon the photodiode 5. 

Alter light from the object 10 applied to the 
25 pixels (i) and (iii) shown in Fig. 2B passes through 

the microlens 4, a portion of the light is intercepted 
by the light shielding area of the light shielding 
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layer 2 and does not enter the photodiode 5. It is 
therefore impossible to eliminate a variation in light 
reception sensitivities of photodiodes near to and away 
from the optical axis of the image pickup lens. 
5 Fig. 3 is a graph showing output signals from the 

solid-state image pickup device shown in Figs. 2A and 
2B. As shown in Fig. 3, a difference between the 
maximum and minimum values of output signals is 10 % or 
O larger of an average value of the output signals of the 

SI 10 conventional solid-state image pickup device. 

£n Assuming that the average of output signals of a 

in 

g conventional solid-state image pickup device is 100 mV, 

D 

s the maximum output signal is 105 mV or higher and the 

II minimum output signal is 95 mV or lower. Generally, if 
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15 a difference between the maximum and minimum values of 

y - 

H 1 output signals of a solid-state image pickup device is 

10 % or smaller than that of the average value, it is 
considered that this difference will not adversely 
affect the quality of a reproduced image. 

20 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a 
solid-state image pickup device having a small 
variation in reception light sensitivities and to an 
25 image pickup apparatus using such an element. 

In order to achieve the above object, one aspect 
of the invention provides an image pickup apparatus 
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comprising: an image pickup area including a plurality 
of photoelectric conversion areas; a plurality of 
converging lenses for converging light on a plurality 
of photoelectric conversion areas; and a light 
shielding area having a plurality of opening areas 
through which light is incident upon the plurality of 
photoelectric conversion areas, wherein the positions 
of the converging lens and opening area are shifted 
inward than a corresponding photoelectric conversion 
area. 

Another aspect of the present invention provides 
an image pickup apparatus comprising: an image pickup 
area including a plurality of photoelectric conversion 
areas; and a plurality of converging lenses for 
converging light on a plurality of photoelectric 
conversion areas, the converging lenses being formed on 
a layer evened by a CMP process, wherein the positions 
of the converging lens are shifted inward than a 
corresponding photoelectric conversion area. 

Another aspect of the present invention provides 
an image pickup apparatus comprising: an image pickup 
area including a plurality of photoelectric conversion 
areas; a plurality of converging lenses for converging 
light on a plurality of photoelectric conversion areas; 
a first light shielding area having a plurality of 
opening areas through which light is incident upon the 
plurality of photoelectric conversion areas; and a 




second light shielding area having a plurality of 
opening areas through which light is incident upon the 
plurality of photoelectric conversion areas, the second 
light shielding area being formed above the first light 
5 shielding area, wherein in the peripheral area of the 

image pickup area, the positions of the converging lens 
and the opening area of the second light shielding area 
are shifted inward than a corresponding photoelectric 
conversion area, 

10 Another aspect of the present invention provides 

an image pickup apparatus comprising: an image pickup 
area including a plurality of photoelectric conversion 
areas; and a plurality of converging lenses for 
converging light on a plurality of photoelectric 

15 conversion areas, wherein the position of the 

converging lens is shifted inward than a corresponding 
photoelectric conversion area, and the plurality of 
photoelectric conversion areas in the image pickup area 
are disposed in a curved shape. 

20 Another aspect of the present invention provides 

an image pickup apparatus comprising: an image pickup 
area including a plurality of photoelectric conversion 
areas; and a plurality of converging lenses for 
converging light on a plurality of photoelectric 

25 conversion areas, wherein in the peripheral area of the 
image pickup area, the position of the converging lens 
is shifted inward than a corresponding photoelectric 




conversion area, and a pitch between a plurality of 
converging lenses in a first area is different from a 
pitch between a plurality of converging lenses in a 
second area . 

Another aspect of the present invention provides 
an image pickup apparatus comprising: a plurality of 
image pickup areas each including a plurality of 
photoelectric conversion areas; and a plurality of 
converging lenses for converging light on a plurality 
of photoelectric conversion areas, wherein in the 
peripheral area of the image pickup area, the position 
of the converging lens is shifted inward than a 
corresponding photoelectric conversion area, and in at 
least two image pickup areas, shift amounts between the 
converging lens and photoelectric conversion area are 
different . 

Other objects and features of the present 
invention will become apparent from the following 
detailed description of embodiments when read in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A and IB are a plan view of a conventional 
solid-state image pickup device and a cross sectional 
25 view of a pixel. 

Figs. 2A and 2B are diagrams explaining the reason 
of a variation in light reception sensitivities of a 
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conventional solid-state image pickup device. 

Fig. 3 is a graph showing output signals of the 
solid-state image pickup device shown in Figs. 2A and 
2B. 

5 Figs. 4A and 4B are a plan view and a cross 

sectional view of pixels of a solid-state image pickup 
device according to a first embodiment of the 
invention. 

Q Fig. 5 is a graph showing output signals of the 

CP 

SJ 10 solid-state image pickup device shown in Figs. 4A and 

m 4b. 

Figs. 6A and 6B are a plan view and a cross 
^ sectional view of pixels of a solid-state image pickup 

rf device according to a second embodiment of the 

f=rs 

Yz 15 invention. 

p Figs. 7A and 7B are a plan view and a cross 

sectional view of pixels of a solid-state image pickup 
device according to a third embodiment of the 
invention. 

20 Fig. 8 is a plan view of pixels of a solid-state 

image pickup device according to a fourth embodiment of 
the invention . 

Fig. 9 is a plan view of pixels of a solid-state 
image pickup device according to a fifth embodiment of 
25 the invention. 

Fig. 10 is a diagram showing a plan layout of a 
solid-state image pickup device according to a sixth or 
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seventh embodiment of the invention. 

Fig. 11 is an enlarged view of one image pickup 
area according to the sixth embodiment of the 
invention. 

5 Fig. 12 is a plan view and a cross sectional view 

of a pixel according to the sixth embodiment of the 
invention. 

Fig. 13 is a cross sectional view of a compound 
□ eye type solid-state image pickup apparatus using a 

10 solid-state image pickup device of the sixth embodiment 
of the invention. 

Fig. 14 is a diagram explaining the effects of the 
sixth embodiment of the invention. 

Fig. 15 is a graph showing outputs of a solid- 
15 state image pickup device of the sixth embodiment of 
the invention. 

Fig. 16 is an equivalent circuit diagram of one 
image pickup area of the sixth embodiment of the 
invention. 

20 Fig. 17 is an enlarged view of one image pickup 

area of the sixth embodiment of the invention. 

Fig. 18 is a plan view and a cross sectional view 
of a pixel according to another embodiment of the 
invention. 

25 Fig. 19 is a diagram showing an image pickup 

apparatus . 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig, 4A is a plan view of a pixel group (image 
pickup area) of a solid-state image pickup device 
according to the first embodiment of the invention. 
5 Fig. 4B is a cross sectional view of pixels in the 

first, third and fifth columns of the pixel group shown 
in Fig. 4A. In Figs. 4A and 4B, reference numeral 1 
represents a pixel having a photodiode or photoelectric 
conversion element 5 formed in the surface layer of a 

10 silicon substrate (Si substrate) 7. Reference numeral 
2 represents a light shielding layer having a light 
shielding area for shielding the area of the pixel 1 
excepting the photodiode 5. Reference numeral 3 
represents an opening area formed through the light 

15 shielding layer 2 through which light is incident upon 
the photodiode 5 . Reference numeral 4 represents a 
microlens for converging light on the photodiode 5 . 
Reference numeral 6 represents a color filter layer of 
red, green, blue or the like. 

20 Although only 5x5 pixels are shown in Fig. 4A 

for the purposes of simplicity, several hundred 
thousands to several millions pixels are disposed two- 
dimensionally . 

As shown in Figs. 4A and 4B, in this embodiment, 

25 the pixel 1 disposed nearer to the peripheral area than 
the center of the pixel group has a center of gravity 
of the light reception area of the photodiode 5 
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positioned nearer to the peripheral area than the 
centers of gravity of the microlens 4 and opening area 
3. Therefore, the optical axis of light converged by 
the microlens 4 becomes coincident with the center of 
5 gravity of the light reception area of the photodiode 
5. 

More specifically, the pixel 1 of the first column 
has the centers of gravity of the microlens 4 and 
opening area 3 positioned to the right as viewed in 

10 Fig. 4B relative to the center of gravity of the light 
reception area of the photodiode 5 . The pixel 1 of the 
third column has the centers of gravity of the 
microlens 4 and opening area 3 positioned at the center 
of gravity of the light reception area of the 

15 photodiode 5. The pixel 1 of the fifth column has the 
centers of gravity of the microlens 4 and opening area 
3 positioned to the left as viewed in Fig. 4B relative 
to the center of gravity of the light reception area of 
the photodiode 5 . The center of gravity of the opening 

20 area 3 is the center of gravity of an optional mass 
disposed in the opening area 3. 

As above, in this embodiment, the pixel 1 disposed 
nearer to the peripheral area than the center of the 
pixel group has a center of gravity of the photodiode 5 

25 positioned nearer to the peripheral area than the 

centers of gravity of the microlens 4 and opening area 
3. Therefore, light passing through the microlens 4 




and being incident upon the photodiode 5 is not 
intercepted by the light shielding area of the light 
shielding layer 2 . 

Fig. 5 is a diagram showing output signals of the 
5 solid-state image pickup device shown in Figs. 4A and 
4B. As shown in Fig. 5, a difference between the 
maximum and minimum values of output signals of the 
solid-state image pickup device of this embodiment is 
smaller than 10 % of the average of output signals. 
10 This is because light converged on the photodiode 5 is 
not intercepted by the light shielding layer 2 and a 
variation in light reception sensitivities can be made 
small. 

Fig. 6A is a plan view of a pixel group of a 
15 solid-state image pickup device according to the second 
embodiment of the invention. Fig. 6B is cross 
sectional views of pixels in the first, third and fifth 
columns of the pixel group shown in Fig. 6A. In Figs. 
6A and 6B, like elements to those shown in Figs. 4A and 
20 4B are represented by using identical reference 
numerals . 

As shown in Figs. 6A and 6B, in this embodiment, 
the pixel 1 disposed nearer to the peripheral area than 
the center of the pixel group has the center of gravity 
25 of the light reception area of the photodiode 5 

positioned nearer to the peripheral area than the 
center of gravity of the microlens 4. In addition, the 




center of gravity of the opening area 3 is positioned 
nearer to the peripheral area than the center of 
gravity of the microlens 4. Therefore, the optical 
axis of light converged by the microlens 4 becomes 
5 coincident with the center of gravity of the light 
reception area of the photodiode and the center of 
gravity of the opening area 3. 

The structure of the pixel 1 shown in Figs, 6A and 
6B can be used effectively, for example, if the color 

10 filter layer 6 has some thickness, i.e., if the 
distance between the light shielding layer 2 and 
microlens 4 is longer. 

As above, the pixel 1 disposed nearer to the 
peripheral area than the center of the pixel group has 

15 the centers of gravity of the opening area 3 and light 
reception area of the photodiode 5 each of which 
shifted from the center of gravity of the microlens 4. 
It is therefore possible to reduce a variation in light 
reception sensitivities more than that of the solid- 

20 state image pickup device shown in Figs. 4A and 4B. 

Figs. 7A and 7B are cross sectional views of 
pixels according to the third embodiment of the 
invention. The pixels correspond to the pixels in the 
first and third columns shown in Fig. 4B. In Figs. 7A 

25 and 7B, reference numeral 8 represents a light 

shielding black filter layer made of organic material 
or the like, and reference numeral 9 represents a 



evening layer for evening a color filter layer 6. 

The black filter layer 8 is provided in order to 
avoid adverse effects of light incident upon the area 
excepting the microlens 4, such as stray light and 
5 light crosstalk. The black filter layer 8 is formed by 
manufacture processes for the color filter layer 6. In 
Figs. 7 A and 7B, like elements to those shown in Figs. 
4A and 4B are represented by using identical reference 
^ numerals. 

«j 10 As shown in Figs. 7A and 7B, in this embodiment, 

EH the pixel 1 disposed nearer to the peripheral area than 

IH the center of the pixel group has the centers of 

O gravity of the light reception area of the photodiode 5 

Q and the opening area -of the black filter 8 positioned 

15 nearer to the peripheral area than the centers of 
5=1 gravity of the microlens 4 and opening area 3 . 

Therefore, the optical axis of light converged by the 
microlens 4 becomes coincident with the centers of 
gravity of the light reception area of the photodiode 5 
20 and opening area of the black filter layer 8. 

If the light shielding layer 2 is disposed shifted 
as shown in Fig. 6B, a variation in light reception 
sensitivities can be reduced further. 

Fig. 8 is a plan view of a pixel group of a solid- 
25 state image pickup device according to the fourth 

embodiment of the invention. As shown in Fig. 8, the 
solid-state image pickup device of this embodiment has 
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rectangular pixels 1 disposed in a curved shape. By 
changing an aperture ratio of an opening area for 
photoelectric conversion in accordance with the 
position of each pixel, the solid-state image pickup 
5 device may be applied to an autofocussing solid-state 
image pickup device. Like elements to those shown in 
Fig. 4A are represented by using identical reference 
numerals. 

y As shown in Fig. 8, in this embodiment, the pixel 

2* 10 1 disposed nearer to the peripheral area than the 

CO center of the pixel group has the center of gravity of 

O the light reception area of the photodiode 5 positioned 

s nearer to the peripheral area than the centers of 

La gravity of the microlens 4 and opening area 3. 

in 15 Therefore, the optical axis of light converged by the 

rf microlens 4 becomes coincident with the center of 

Sarah 

gravity of the light reception area of the photodiode 
5. 

Similar to the solid-state image pickup device 
20 shown in Figs. 4A and 4B, the solid-state image pickup 
device shown in Fig. 8 can therefore reduce a variation 
in light reception sensitivities. If the light 
shielding layer 2 is disposed shifted as shown in Fig. 
6B, a variation in light reception sensitivities can be 
25 reduced further. A black filter layer may be formed as 
shown in Figs. 7A and 7B. 

Fig. 9 is a plan view showing a pixel group of a 
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sol id- state image pickup device according to the fifth 
embodiment of the invention. The layout of the pixel 
group shown in Fig. 9 is used if an unrepresented image 
pickup lens has a so-called barrel shape aberration. 
5 Namely light passed through an image pickup lens with 
a barrel shape aberration is converged and distorted by 
the microlens 4. The solid-state image pickup device 
of this embodiment can correct such aberration 
%J generated in the optical system. 

N! 10 In Fig. 9, like elements to those shown in Fig. 4A 

CO are represented by using identical reference numerals. 

D Also in this embodiment, similar to the embodiment 

~ shown in Figs. 4A and 4B, the optical axis of light 

^7 converged by the microlens 4 becomes coincident with 

J~ 15 the center of gravity of the light reception area of 

= the photodiode 5. 

If the light shielding layer 2 is disposed shifted 
as shown in Fig. 6B, a variation in light reception 
sensitivities can be reduced further. A black filter 
20 layer may be formed as shown in Figs. 7A and 7B. 

Fig. 10 is a schematic diagram showing the plan 
layout of a solid-state image pickup device according 
to the sixth and seventh embodiments of the invention. 
Fig. 11 is a schematic diagram showing an enlarged 
25 layout of one of a. plurality of pixel areas (image 

pickup areas) of the solid-state image pickup device. 
In practice, pixels are disposed in areas of several 



hundreds and several millions. For the purposes of 
simplicity, 5x5 pixel areas are shown* Fig. 12 is a 
plan view and a cross sectional view of one pixel with 
a microlens of the solid-state image pickup device. 
5 In Figs. 10 to 12, reference numeral 1 represents 

a pixel, reference numeral 2 represents a light 
shielding layer (light shielding area) for shielding an 
area excepting the photoelectric conversion area 
n (photodiode area) of each pixel, and reference numeral 

10 3 represents an opening area formed through the light 
JJJ shielding area and guiding light. Reference numeral 4 

;Lf represents a microlens for converging light, reference 

" numeral 6 represents a silicon (Si) substrate, 

p reference numeral 7 represents a evened SiN passivation 

nj 15 layer, and reference numeral 8 represents a microlens 

Q planarizing layer made of organic material. Reference 

symbol 9a represents an R pixel area, reference symbol 
9b represents a G pixel area, reference symbol 9c 
represents a G pixel area, reference symbol 9d 
20 represents a B pixel area, and reference numeral 15 
represents a wiring layer. 

In this embodiment, the solid-state image pickup 
device is used for a four-eye type compound eye solid- 
state image pickup device. Two G pixel areas 9b and 9c 
25 are used for improving a resolution. If a high 

resolution is not necessary, one G pixel area is used 
to form a so-called three-eye compound eye solid-state 




image pickup device. 

Fig. 13 is a schematic diagram showing a compound 
eye image pickup apparatus including an image pickup 
lens optical system. Color filters 16 and image pickup 
5 lenses 17 are formed at positions corresponding to 
pixel areas of the solid-state image pickup device. 

In pixel areas, the centers of an opening 3 of the 
light shielding layer 2 and the micro lens 4 are 
shifted in each pixel from the center of the 

10 photoelectric conversion area of the pixel. This shift 
amount is set larger at the position nearer to the 
peripheral area of a micro chip. The shift amount is 
determined by an image pickup lens 17. The layout of 
the substrate is determined so that the center of an 

15 optical axis between the image pickup lens 17 and micro 
lens 4 becomes generally coincident with the center of 
the photoelectric conversion area. The layout of the 
light shielding layer 2 is determined so as not to 
intercept light converged by the microlens 4. 

20 Figs. 14 and 15 illustrate the operation and 

effects of this embodiment. As shown in Fig. 14, the 
microlens 4 is disposed so that the principal optical 
axis of the image pickup lens 17 becomes coincident 
with the center of the photoelectric conversion area, 

25 and the light shielding layer 2 is disposed so that 
light fluxes converged by the microlens 4 are not 
intercepted. In this manner, good characteristics with 
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less optical shading can be obtained as shown in Fig. 
15. 

Four pixel areas may use the same layout in order 
to reduce a design load. However, it is practically 
5 more preferable to use the layout taking a refractive 
index of each color into consideration , i.e., the 
layout with a shift amount changed with each pixel. 

In this embodiment, the surface passivation layer 
7 is evened by chemical mechanical polishing (CMP). 

10 Therefore, the evening layer 10 can be thinned to 0.2 
pm or thinner although a conventional evening layer is 
about 2 pm. It is therefore possible to set a distance 
between the photoelectric conversion area (photodiode 
area) and microlens 4, to 2 to 3 pm, although a 

15 conventional element requires a distance of 4 to 5 pm. 

Fig. 16 is an equivalent circuit diagram of one 
pixel area of the solid-state image pickup device of 
this embodiment. In Fig. 16, reference numeral 11 
represents a horizontal shift register, reference 

20 numeral 12 represents a vertical shift register, 

reference numeral 13 represents a read-out circuit, and 
reference numeral 14 represents an output amplifier. 

Generally, a CMP process is in many cases a 
standard process of CMOS processes. If the embodiment 

25 is applied to a CMOS sensor, standard processes are not 
required to be changed greatly. Therefore, the 
development time can be shortened considerably and the 




development: cost can be reduced greatly. 

This embodiment can obtain output signals of a 
high sensitivity and with less shading. A thin image 
pickup apparatus can be realized. The invention is 
5 applicable not only to a CMOS sensor but also to a 

solid image pickup apparatus with microlenses such as 
CCD, BASIS, SIT, CMD and AMI. 

Fig. 17 shows the plan layout of one of a 
plurality of pixel areas according to the seventh 

10 embodiment of the invention. In the sixth embodiment, 
the centers of the microlens and the opening area of 
the light shielding layer 2 are shifted in each pixel. 
In the seventh embodiment, a plurality of pixels are 
divided into groups and the centers of the microlens 

15 and the opening area of the light shielding layer 2 are 
shifted relative to the center of the layout of each 
group. In Fig. 17, the layout has groups each being 
constituted of 2x2 pixels. The pitch between a 
plurality of microlenses in one group is different from 

20 the pitch between a plurality of microlenses in another 
group . 

As compared to the sixth embodiment, the seventh 
embodiment provides a layout of a plurality of pixels 
so that the work load of the layout can be reduced. If 
25 the number of pixels of each group is increased, the 

layout load is reduced. However, the number of pixels 
having their optical axis center shifted from the 




photodiode center increases so thai: shading becomes 
slightly large. It is therefore desired to divide 
pixels into groups to the extent that optical shading 
is in an allowable range. For example, if pixels are 
5 grouped to the extent that a shift of an optical axis 
becomes 0.1 \im or shorter, optical shading is 
substantially negligible. The layout load can 
therefore be reduced. Namely, the design cost can be 
suppressed and a solid-state image pickup device of a 
10 high sensitivity and with less optical shading can be 
realized. 

In the sixth and seventh embodiments, the center 
of the micro lens is made coincident with the center of 
the opening area. As shown in Fig. 18, the microlens 
15 and the opening area may be shifted toward the center 
of the image pickup area relative to the photoelectric 
conversion area and the microlens may be shifted toward 
the center of the image pickup area relative to the 
opening area. 

20 In this case, as compared to the sixth and seventh 

embodiments, although it is more difficult to adjust 
the positions of the microlens, opening area and 
photoelectric conversion area, an improved light 
convergence factor in the photoelectric conversion area 

25 is obtained in the peripheral area. 

If the solid-state image pickup device described 
in the sixth or seventh embodiment is used with an 




image pickup apparatus such as a digital camera, a thin 
image pickup apparatus can be realized. 

The solid-state image pickup devices described in 
the first to seventh embodiments include various types 
5 of elements such as a CMOS sensor, CCD, BASIS, SIT, CMD 
and AMI . 

Pixels are not limited only to two-dimensional 
pixels but pixels disposed one-dimensionally may also 
Q be used. 

%j 10 An image pickup apparatus according to the eighth 

embodiment will be described with reference to Fig. 19, 

?r| this image pickup apparatus using one of the solid- 

y state image pickup devices of the first to seventh 

?°f embodiments. 

15 In Fig. 19, reference numeral 101 represents a 

O barrier serving as a protector for a lens 102 and as a 

main switch. The lens 102 focusses an optical image of 
an object upon a solid-state image pickup device 4. 
Reference numeral 103 represents an iris for changing 
20 the amount of light passed through the lens 102. The 
solid-state image pickup device 104 may be any element 
of the first to seventh embodiments and picks up the 
object image focussed by the lens 102 in the form of 
image signals. Reference numeral 105 represents an 
25 image pickup processing circuit having a variable gain 
amplifier for amplifying the image signal output from 
the solid-state image pickup device 104, a gain 
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correction circuit for correcting a gain value, and 
other circuits. Reference numeral 106 represents an 
A/D converter for converting the analog image signal 
output from the solid-state image pickup device 104 
5 into a digital image signal. Reference numeral 107 
represents a signal processing unit for performing 
various corrections such as color processing for the 
image data output from the A/D converter 106 and for 
performing data compression. Reference numeral 108 

10 represents a timing generation unit for outputting 

various timing signals to the solid-state image pickup 
device 104, image pickup processing circuit 105, A/D 
converter 106 and signal processing unit 107. 
Reference numeral 109 represents a system control and 

15 operation unit for performing various calculations and 
controlling the entirety of a still video camera. 
Reference numeral 110 represents a memory unit for 
temporarily storing image data. Reference numeral 111 
represents an interface unit used for read/write of a 

20 recording medium 112. The recording medium 112 is a 
removable medium such as a semiconductor memory for 
reading/writing image data. Reference numeral 113 
represents an interface unit for communication with an 
external computer or the like. 

25 Next, an image pickup operation of the still video 

camera constructed as above will be described. 

As the barrier 101 is opened, a main power is 
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turned on, then a control system power is turned on, 
and then a power for an image pickup system such as the 
A/D converter 106 is turned on* In order to adjust the 
exposure amount, the system control and operation unit 
5 109 opens the iris 103 fully and a signal output from 

the solid-state image pickup device 104 is converted by 
the A/D converter and input to the signal processing 
unit 107. 

In accordance with the data supplied from the 
10 signal processing unit, the system control and 

operation unit 109 calculates an exposure amount. 

In accordance with this photometry, a brightness 
of an object is judged and the system control and 
operation unit 109 controls the iris 109 in accordance 
15 with the judged brightness. 

Next, the high frequency components of the signal 
output from the solid-state image pickup device 104 are 
removed, and the system control and operation unit 109 
calculates a distance to the object. Thereafter, the 
20 lens is driven and an in-focus state is checked. If 

not in the in-focus state, the lens is again driven to 
perform range finding. 

After the in-focus state is confirmed, a main 
exposure starts . 
25 After this exposure, the image signal output from 

the solid-state image pickup device 104 is converted 
into a digital image signal by the A/D converter 106. 




The digital image signal is processed by the signal 
processing unit 107 and written in the memory unit by 
the system control and operation unit 109 . 

Under the control of the system control and 
5 operation unit 109, the data stored in the memory unit 
110 is supplied to the recording medium control I/F 
unit and stored in the removable recording medium 112 
such as a semiconductor memory* 

The image data may be input directly to a computer 
10 or the like via the external I/F unit 113 to process 
image data . 

As described so far, with the solid-image pickup 
element of any of the first to seventh embodiments, 
pixels can be made extremely fine and optical shading 

15 to be caused by convergence irregularity of microlenses 
for a number of pixels can be reduced considerably. 
The quality of an image reproduced by an image pickup 
apparatus using the solid-state image pickup device, 
such as a video camera and a still video camera, can be 

20 improved. 

By applying the solid-state image pickup device of 
the sixth or seventh embodiment to an image pickup 
apparatus, the device can be made compact, particularly 
thin. Therefore, a thin card size, for example, about 

25 3 mm in thickness, can be realized. 

Many widely different embodiments of the present 
invention may be constructed without departing from the 




spirit and scope of the present invention. It should 
be understood that the present invention is not limited 
to the specific embodiments described in the 
specification, except as defined in the appended 
5 claims. 



